In experiment 1, 24 midlactation, multiparous Holstein cows were used in six 4 × 4 Latin squares to evaluate extruded-expelled cottonseed (EEC) as a source of ruminally undegradable protein (RUP). Diets were formulated to contain: 16% crude protein (CP), 35% RUP (SBM16); 18% CP, 35% RUP (SBM18); 16% CP, 40% RUP using EEC (EC16); and 16% CP, 40% RUP using a fishmeal-blood meal blend (FBM16). Milk yields (37.2 kg/d) and percentages of milk fat, protein, casein, and SNF were similar across diets. Cows fed FBM16 consumed less dry matter (DM) (28.0 kg/d) than those consuming other diets (29.4 kg/d). In experiment 2, 18 midlactation, multiparous Holstein cows were used in six 3 × 3 Latin squares to determine the value of EEC as a replacement for whole cottonseed in lactating cow diets. Diets contained whole cottonseed (CS), EEC plus tallow (ECT), or EEC (EC). Diets were formulated to be similar in energy, N, and RUP. Milk yields (35.5 kg/d), DM intake (27.0 kg/d), and milk fat percent were similar across diets. Percentages of milk protein and SNF were higher for EC than CS or ECT. These production data suggest that EEC can replace whole cottonseed in isocaloric diets and can be partially substituted for soybean meal or a fishmeal-blood meal blend without affecting lactational performance. In situ ruminal degradation and in vitro ammonia N release indicate that processing of EEC was inadequate to protect the protein from ruminal degradation and EEC would not be a source of RUP. 
INTRODUCTION
The National Research Council (2001) has suggested that high producing dairy cows fed diets based on highly digestible legumes are likely deficient in RUP and that more emphasis be placed on increasing the amount of dietary CP reaching the small intestine through the use of ruminally undegradable but intestinally digestible protein. Supplemental RUP has yielded mixed results, with some researchers observing positive production responses (Faldet and Satter, 1991; Vagnoni and Broderick, 1997) and others observing no effect (Son et al., 1996; Weigel et al., 1997) . A feedstuff's amino acid profile, in addition to its RUP, may also influence production. Given that Lys and Met are the first two limiting AA for milk production (Schwab et al., 1976) and that fishmeal (FM) is high in these AA, relative to corn gluten meal (NRC, 1982) , it may be expected that FM would be the preferred protein source for lactating cows. In fact, higher milk yield has been observed in cows supplemented with FM compared with those receiving corn gluten meal Wohlt et al., 1991) . Given these data and the fact that cottonseed meal (CSM) has lower Lys and Met levels than FM (NRC, 1982) , it may be expected that cows receiving CSM may not produce as well as those receiving FM even if fed to provide equal amounts of RUP.
Both roasting and extruding increase the RUP fraction of oilseed proteins. Stutts et al. (1988) reported soybean protein to be more responsive to roasting than whole cottonseed (WCS) protein, and Pena et al. (1986) reported roasting to be more effective than extruding at increasing RUP of WCS. Pires et al. (1997) reported increased milk protein percent and yield of milk protein and energy-corrected milk (ECM) when WCS was roasted, but others have found no effect (Mabjeesh et al. 1999 ). Relative to cows fed WCS, McCoy et al. (1992) observed an increase in milk yield by cows fed an extruded cottonseed-soybean blend. Bernard and Calhoun (1997) fed a similar extruded cottonseed-soybean blend but observed a reduction in milk fat percent and yield compared with cows fed WCS, a response likely attributable to the high level of polyunsaturated fat accessible to rumen by processing.
Ensuring adequate intake of both energy and fiber in high producing dairy cows is often antagonistic. Feeding supplemental fat provides a means of increasing energy density of diets without reducing fiber content, resulting in increased energy intake (Palmquist and Jenkins, 1980) . The value of WCS as a feedstuff and dense source of energy has been well documented (Coppock et al., 1987) . Work by Clark and Armentano (1993) suggested that the effective NDF of WCS is similar to that of alfalfa silage, lending a unique quality to WCS as a feedstuff for lactating dairy cows. Feeding of WCS has consistently increased milk fat percent (Anderson et al., 1979; Harrison et al., 1995; Smith et al., 1981) . Increased milk production also has been observed when WCS were fed (Anderson et al., 1979) ; however, production similar to that of control diets is more commonly reported (DePeters et al., 1985; Smith et al., 1981) . Sullivan et al. (1993) observed that cows fed cracked Pima cottonseed had higher ADF digestibilities than those fed whole Pima seeds. Cows fed either a pelleted or extruded cottonseed-soybean blend had greater or similar ADF digestibility, respectively, compared with cows fed WCS, but milk yield was similar among treatments (Bernard and Calhoun, 1997) . Similarly, Pires et al. (1997) observed no effect on milk yield by cows fed ground versus whole linted cottonseed despite higher total-tract OM digestibility for those fed ground cottonseed.
The extrusion and partial removal of oil from cottonseed allows the manufacturer to sell the oil for use in the human food industry as well as provide a unique feedstuff to the dairy industry. We hypothesized that an extruded-expelled (EEC) product had the potential to be a valuable source of RUP as well as energy given its moderate oil content. The objectives of this study were to: 1) evaluate the benefit of supplemental dietary RUP at low dietary CP and the impact RUP source [EEC or FM − blood meal (BM) blend] may have on lactational performance; 2) evaluate EEC as a replacement for WCS; and 3) evaluate the extent to which EEC Journal of Dairy Science Vol. 84, No. 11, 2001 protein is degraded in the rumen relative to solvent extract soybean meal (SBM) and expeller SBM.
MATERIALS AND METHODS
Cow care and handling was approved by the Kansas State University Institutional Animal Care and Use Committee.
Production of EEC
The mechanically processed cottonseed product evaluated in this experiment was manufactured via a dry extrusion process (InstaPro International, Des Moines, IA) during which it spent approximately 175 s in the extruder and had an exit temperature of 93°C. The extruded product was then processed through a horizontal press, and approximately one half of the oil was extracted. The product spent 175 s in the press and had an exit temperature of 74°C. Typical composition of the resultant product was: 26% CP, 50% RUP [via Streptomyces griseus protease assay, method of Roe and Sniffen (1990) ], 9% ether extract, 55% NDF, and 43% ADF. These values were used in the balancing of experimental diets in experiments 1 and 2.
Experiment 1
Twenty-four multiparous Holstein cows averaging 121 DIM and 40.9 kg/d of ECM were blocked by ECM and DIM and assigned to one of six 4 × 4 Latin squares balanced for carryover effects with 21-d periods. The four treatments (Table 1) were formulated to be isocaloric and have the following CP parameters: 16% CP, 35% RUP with supplemental CP from solvent SBM (SBM16); 18% CP, 35% RUP with supplemental CP from solvent SBM (SBM18); 16% CP, 40% RUP with supplemental CP from solvent SBM and EEC (EC16); and 16% CP, 40% RUP with supplemental CP from solvent SBM and a FM-BM blend (FBM16). The two 35% RUP diets served as positive (SBM18) and negative (SBM16) controls to evaluate the benefit of additional dietary RUP with milk protein content and milk yield used as the criteria. The SBM16 and SBM18 diets were similar in ingredient composition, except solvent SBM replaced a portion of corn. The EEC was substituted into the diet predominantly at the expense of soybean hulls and SBM in diet EC16. FM (3.2% of DM), BM (0.8% of DM), and corn replaced soybean meal in diet FBM16. Diet EC16 contained 2.1% more SBM than diet FBM16 to offset the difference in N density between the RUP sources. Soybean hulls (6% of DM) were added to all diets, except EC16, to equalize ADF and NDF.
Diets were fed as a TMR and contained approximately 25% alfalfa hay, 20% corn silage, and 55% con- System HT6 (FOSS North America, Eden Prairie, MN). The RUP was estimated by the S. griseus protease method following the procedures of Roe and Sniffen (1990) for concentrates and following the procedures of Coblentz et al. (1999) for forages. Nonfiber carbohydrate was calculated as: % NFC = 100 − (% ash + % CP + % NDF + % ether extract). Dietary ingredient TDN values were calculated according to Weiss et al. (1992) . From these, NE L of concentrates were calculated using the NRC (1988) equation, and NE L of forages were calculated according to Van Soest and Fox (1992) .
Cows were milked twice daily at 0530 and 1630 h. Milk samples (a.m, p.m. composite) were obtained weekly and analyzed for fat, lactose, CP, milk urea nitrogen (MUN), SNF, and SCC by the Heart of America DHI Laboratory, Manhattan, Kansas. Specifically, milk protein, fat, and lactose were determined by near infrared spectroscopy (Bentley 2000 Infrared Milk Analyzer, Bentley Instruments, Chaska, MN). MUN was determined using chemical methodology based on a modified Berthelog reaction (ChemSpec 150 Analyzer, Bentley Instruments) and SCC by flow cytometry (Somacount 500, Bentley Industries). Milk from 12 cows in three Latin squares (12 observations per treatment) were used to evaluate effects of treatment on milk N distribution (Rowland, 1938) .
Cows were weighed immediately after the a.m. milking on 2 consecutive days and scored for body condition (Wildman et al., 1982) at the beginning of the study and at the end of each period. Blood was sampled from the coccygeal vein on d 20 of each period and plasma was analyzed for total α-amino N (TAAN), urea, glucose, total triglycerides, and NEFA. Plasma TAAN, urea N, and glucose were analyzed by automated procedures (Technicon Autoanalyzer II, Tarrytown, NJ, by method nos. 512-77T, 339-01, and SE4-0036FJ4, respectively). Specifically, the TAAN method is based on that of Palmer and Peters (1969) , the urea N method is based on that of Marsh et al. (1965) , and the glucose method is based on that of Gochman and Schmitz (1972) . Plasma NEFA (Wako Chemicals, procedure no. 994-75409E) was performed with modifications of Eisemann et al. (1988) . Plasma triglyceride (Sigma Diagnostics procedure no. 343) was performed based on the method of Wako Chemicals (code no. 997-69801) and the modifications of McGowan et al. (1983) and Fossati and Prencipe (1982) .
Experiment 2
Eighteen Holstein cows averaging 129 DIM and 37.0 kg/d of ECM were used in six simultaneous 3 × 3 Latin squares balanced for carryover effects with 21-d periods to determine the value of EEC as a replacement for WCS in diets for lactating dairy cows. Cows were blocked by ECM and DIM and assigned to one of six 3 × 3 Latin squares. The three experimental diets (Table  2) were: WCS at 9.7% of DM (CS); EEC at 9.7% of diet DM (EC); and EEC at 9.8% of diet DM plus tallow at 1.5% of diet DM (ECT). Net energy, CP, ADF, and NDF were equalized across diets by replacing a portion of alfalfa hay and corn silage with ground shelled corn (4.4% of DM) and soybean hulls (3% of DM) in diet EC. To equalize RUP, expeller SBM was replaced by solvent SBM in EC and ECT.
Cow management was similar to experiment 1. Data collection differed only in that N fractions in milk were not determined. Similar analyses as in experiment 1 Composition: not less than 95.5% NaCl, 0.24% Mn, 0.24% Fe, 0.05% Mg, 0.032% Cu, 0.032% Zn, 0.007% I, 0.004% Co. RUP of solvent soybean meal, expeller soybean meal, and extruded-expelled cottonseed determined via in situ analysis (Table  10) . RUP of all other feedstuffs were from NRC (1985) . were performed on collected feedstuffs and plasma, with the addition of albumin analysis (Sigma Diagnostics procedure no. 631) by the modified method of Doumas et al. (1971) .
In Situ Analysis of Extruded-Expelled Cottonseed
In situ ruminal degradability of protein in EEC was compared to that of solvent extracted SBM and expeller SBM. A ruminally cannulated Holstein steer (295 kg) was used. The steer was fed 4.3 kg DM twice daily of a TMR providing the following daily DMI: 2.4 kg of alfalfa hay, 3.6 kg of corn-based grain mix, 1.8 kg of corn silage, and 0.7 kg of WCS. Samples of the protein sources were individually ground through a 4-mm screen, and approximately 1.25 g of each sample was heat sealed into Dacron bags (Bar Diamond, Inc., Parma, ID) measuring 5.5 × 12.5 cm with mean pore size of 53 ± 10 microns. Bags were briefly soaked in warm water, then placed in a weighted nylon mesh bag and incubated in the dorsal rumen for 0, 2, 4, 8, 16, 24, and 48 h. Following simultaneous removal from the rumen, all bags, including the 0-h incubation, were rinsed in a washing machine with five 1-min cold water, delicate wash cycles (Vanzant et al., 1998) . This sequence was repeated so that there were six observations at each time point for each of the three protein sources.
The Kjeldahl procedure was used to determine residual N of each bag and its contents. Protein degradation kinetics and the A, B, and C fractions (NRC, 2001) were estimated using the direct nonlinear least squares procedure described by Mertens and Loften (1980) . Ruminal passage rate of 5% h −1 was assumed in RUP calculations.
In Vitro Analysis of EEC
In vitro ammonia release (Britton et al., 1978) was employed to further characterize microbial degradation of CP in EEC as well as solvent extracted SBM and expeller SBM. All feed samples were added at 20 mg of N to 50-ml plastic centrifuge tubes in duplicate. Incubation times were 0, 0.5, 1, 2, 4, 6, 8 and 12 h. The method of Broderick and Kang (1980) was used to determine ammonia N.
Statistical Analysis
Analysis of variance was conducted using SAS (1990) . For analysis of data collected daily (milk production and DMI) and weekly (milk composition), weekly averages were analyzed as a split plot, with the main plot as a Latin square and week as the subplot. The MIXED procedure (Littell et al., 1996) was used, and the sum of squares were partitioned to cow, period, treatment, week, and week × treatment interaction. Animal × period × treatment interaction was a random variable and served as the main plot error term. Data collected once per period (initial BW and BCS, BW and BCS changes, plasma metabolites, and milk N distribution) were analyzed as a Latin square using the GLM procedure. Sums of squares were partitioned to cow, treatment, and period. Degradation kinetics parameters estimated with the NLIN procedure of SAS from the in situ trial were analyzed using the GLM procedure of SAS. Sums of squares were partitioned to repetition number and feed sample. Ammonia concentrations from the in vitro ammonia release assay were analyzed using the GLM procedures of SAS with sums of squares partitioned to incubation time and feed sample.
In all cases, treatment means were separated using the PDIFF option for all pairwise comparisons among means when the F-test indicated significant treatment effects (P < 0.05). Tendencies were noted as such when P < 0.1.
In experiment 1, one cow died in the fourth week of the experiment due to factors unrelated to diet. Data from this cow were not included in the analyses.
RESULTS AND DISCUSSION

Experiment 1
General observations. The chemical composition of the experimental diets is shown in Table 1 . Using S. griseus estimates of dietary ingredient RUP, the SBM18 diet was above our target of 35% RUP, and dietary CP content of diets SBM18, SBM16, and EC16 were below their respective targets. Dietary RUP values based on our in situ data for solvent SBM and EEC (discussed below) and NRC (1985) RUP values for all other dietary ingredients is also given in Table 1 . No substantial differences in diet fat, NDF, ADF, calculated NE L , and NFC existed among diets.
Cow performance. Cow performance and milk composition data are presented in Tables 3 and 4 , respectively. Daily DMI and DMI as a percentage of BW for cows fed FBM16 was lower (P < 0.05) than for cows fed the other diets (Table 3) . Reduced DMI when animal and marine byproducts are included in lactating cow diets is consistent with data of others (Blackwelder et al., 1998) . In our experiment, yields of milk and ECM were not affected by diet, so cows fed FBM16 were the most efficient (P < 0.05) producers of milk, with efficiency of other diets being equal. We detected no dietary treatment effect on change in BW or BCS, likely a factor of the 21-d periods and the use of midlactation cows. Percentages of milk fat, CP, and SNF and yields of these components were not altered by treatment (Table  4 ) (yields of SNF not shown). The lack of response in milk and milk protein from increasing dietary CP, as seen between diets SBM16 and SBM18, has been reported in the literature with considerable consistency, although some have reported positive responses. Van Horn et al. (1979) fed diets containing 13.5 or 16.3% CP with solvent extracted CSM as the primary CP source and observed greater DMI and milk yield with the 16.3% CP diet. Mabjeesh et al. (1999) reported no production benefit from increasing dietary CP from 13.5 to 16.2% in diets with low RUP (∼35%) and SBM as the primary CP source. Armentano et al. (1993) also failed to detect a production response in lactating Holstein cows when diets containing 13.9 or 16.0% CP and similar RUP (∼30%) were fed, but when they fed additional RUP in the form of a meat meal-BM blend (6.7 and 1.8% of diet DM, respectively) in a 16.0% CP, 46% RUP diet, milk and milk protein yield increased in high producing cows (> 33 kg/d). In our study, we observed no production benefit from increasing diet RUP at low levels of dietary CP (15.3%).
Cows fed SBM18 had the highest (P < 0.05) MUN concentrations (Table 4) . Among the 16% CP diets, cows fed EC16 had lower (P < 0.05) MUN than cows fed SBM16. Baker et al. (1995) reported similar increases in MUN for cows fed a diet containing 17.5% CP with 33% RUP, relative to cows fed diets containing 14.3 and 15.0% CP with 40% RUP. Roseler et al. (1993) reported that MUN increased as RDP and(or) RUP was fed above requirements. This suggests that RDP intake by cows fed SBM18 was in excess of the requirements of rumen bacteria, resulting in N wasting.
Diet effects on milk N distribution. Milk total N, protein N, casein N, and whey N concentrations and yields were not affected by treatment (Table 5) . Milk protein N, as a percentage of total milk N, was lowest (P < 0.05) for SBM18. Milk casein N, as a percentage of total N, was higher (P < 0.05) for EC16 than SBM18, with the other diets intermediate. Piepenbrink et al. (1996) observed that cows fed an 18% CP diet produced milk lower in casein N, as a percentage of total N, and casein N, as a percentage of true protein N, than cows fed a 14% CP diet. Similar effects of increased dietary CP on casein N content were also observed by Weigel et al. (1997) . Whey N as a percentage of total N was not different across our treatments. In our study, differences in protein and casein N as a percentage of total N were due to dietary effects on milk NPN, which followed the same trend as MUN concentrations. Concentration of NPN as a percentage of total N was higher (P < 0.05) in SBM18 than all other diets. Within rows means bearing uncommon superscripts differ (P < 0.05).
1 SBM16 = soybean meal, 16% CP, 35% RUP; SBM18 = soybean meal, 18% CP, 35% RUP; EC16 = extrudedexpelled cottonseed, 16% CP, 40% RUP; FBM16 = fishmeal-blood meal blend, 16% CP, 40% RUP. Within rows means bearing uncommon superscripts differ (P < 0.05). Within rows means bearing uncommon superscripts differ (P < 0.05).
1 SBM16 = Soybean meal, 16% CP, 35% RUP; SBM18 = soybean meal, 18% CP, 35% RUP; EC16 = extrudedexpelled cottonseed, 16% CP, 40% RUP; FBM16 = fishmeal-blood meal blend, 16% CP, 40% RUP.
Significance of F-test.
Plasma constituents. Coccygeal plasma concentrations of glucose, TAAN, triglycerides, and NEFA were unaffected by treatment (Table 6 ). Others have also reported no effect of protein intake on plasma glucose and NEFA (Christensen et al., 1994) . Plasma urea nitrogen (PUN) followed a trend similar to MUN, with SBM18 being the greatest (P < 0.05) and all other treatments similar. A direct linear relationship between MUN and PUN has been reported by others (Baker et al., 1995) who found them to be highly correlated (r 2 = 0.96). Increased dietary CP has consistently increased PUN (Baker et al., 1995; Christensen et al., 1994) . In addition, increasing dietary RUP without changing dietary CP concentration has resulted in reduced PUN (Baker et al., 1995; Blackwelder et al., 1998) .
In agreement with our coccygeal TAAN data, Christensen et al. (1994) reported no difference in coccygeal vein concentrations of total AA among cows fed diets containing either 14.2 or 17.5% CP. We observed no difference in TAAN between diets containing a FM-BM blend or EEC. Other researchers have observed a relationship between quality of protein source and plasma concentrations of individual AA (Chan et al., 1997; Piepenbrink et al., 1998) .
Experiment 2
General observations. The CP content was higher in diet CS and lower in diet ECT than our target of 17% (Table 2 ). Dietary RUP estimated by S. griseus indicates the diets were similar; however, based on our in situ data (for EEC, solvent SBM, and expeller SBM, discussed below) and NRC (1985) values, diets ECT and EC were lower in RUP than diet WCS. Ether extract concentration was higher in both CS and ECT than diet EC, reflecting the oil in WCS in diet CS and the added tallow in diet ECT. Calculated NE L followed the same trend as ether extract content, with diets CS and ECT being numerically greater than diet EC. This is in contrast to our goal, which was to make diets isoenergetic by reducing forage and increasing grain in the lower fat diet (EC). Percentages of NDF, ADF, and RUP were similar among diets, but NFC was lower in CS.
Cow performance. Diets did not affect DMI or DMI as a percentage of BW (Table 7) . This is in agreement with Noftsger et al. (2000) , who fed a similarly processed cottonseed product or WCS and observed no diet effect on DMI. Pires et al. (1996) and Jenkins et al. (1998) fed tallow at similar inclusion rates and observed no effect on DMI. Pires et al. (1997) observed greater DMI as a percentage of BW when WCS was fed at 18% of diet DM compared with cows fed tallow at 3.5% of diet DM.
In our study, production of milk and ECM were unchanged (Table 7) . In agreement with our data, Boila et al. (1993) and Son et al. (1996) also observed similar milk production when cows were fed isocaloric diets containing either tallow or additional ground grain. As a result of similar production and DMI in the present study, production efficiencies were similar among diets. These data suggest that cows are equally efficient at producing milk when their primary dietary energy source is either carbohydrate or a combination of carbohydrate and some fat or oil source. In contrast, when cows were fed diets similar in energy and fatty acid content containing either WCS or tallow, those fed WCS produced more milk and ECM (Pires et al., 1997) . Jenkins et al. (1998) observed a tendency for improved milk production efficiency when tallow was fed; however, it was not added on an isocaloric basis. We detected no dietary treatment effect on change in BW or BCS, likely a factor of the 21-d periods and the use of midlactation cows.
In our study, percent milk fat and lactose and yields of these components were not different among treatments (Table 8 ) (lactose yield not shown). In contrast, others have observed increased milk yield or milk fat content when cows were fed WCS (Anderson et al., 1979; Harrison et al., 1995) or tallow (Clapperton and Steele, 1983; Wu et al., 1993) . Milk CP content across all treatments was lower than one might expect for Holstein cows (Table 8 ). Cows fed EC had slightly higher concentrations of protein and SNF in milk (P < 0.05), but yields of these components were not different among treatments (SNF yield not shown). Depressed milk protein content by cows fed diets containing supplemental dietary fat as tallow or WCS has been observed (Harrison et al., 1995; Maiga and Schingoethe, 1997) , but others have reported no effect (Pires et al., 1996; Son et al., 1996) . Wu and Huber (1994) speculated that fat supplementation causes a depression in milk protein synthesis due to a limited supply of AA to the mammary gland to support increased milk production. However, in our study milk production was not affected, so this theory may not be appropriate. Noftsger et al. (2000) reported lower yields of milk, protein, and fat by cows fed an expanded-expelled cottonseed product, compared with those fed WCS, but the diets were not isocaloric. Increased microbial yield may be expected in cows fed diet EC because it contained more ground corn and soybean hulls, both Within rows means bearing uncommon superscripts differ (P < 0.05).
1 CS = Whole cottonseed; ECT = extruded-expelled cottonseed plus tallow; EC = extruded-expelled cottonseed. of which would supply fermentable carbohydrates. This, in combination with lower dietary fat content, likely attributed to the higher content of protein and SNF in milk from cows fed diet EC.
Milk urea nitrogen was higher (P < 0.05) for ECT than CS, with EC being intermediate (Table 8) . DePeters et al. (1985) observed an increase in milk NPN content when WCS inclusion was increased from 0 to 10% of diet DM; however, this milk N fraction was not affected when tallow was fed (Weigel et al., 1997) .
Plasma constituents. All treatment groups had similar concentrations of glucose, TAAN, triglycerides, albumin, and NEFA in plasma harvested from the coccygeal vein (Table 9 ). Other researchers also failed to observe an effect of fat or WCS supplementation on plasma concentrations of glucose (Christensen et al., 1994; Mohamed et al., 1988) . In contrast to our study, plasma NEFA (Christensen et al., 1994) and albumin (Boila et al., 1993) have been increased by fat supplementation. In agreement with our TAAN data, Maiga and Schingoethe (1997) reported no effect of tallow feed- Within rows means bearing uncommon superscripts differ (P < 0.05).
1 CS = Whole cottonseed; ECT = extruded-expelled cottonseed plus tallow; EC = extruded-expelled cottonseed.
2
Significance of F-test.
ing on coccygeal plasma total EAA or total NEAA. In our study, PUN concentrations followed the same trend as MUN. Concentrations of PUN were higher (P < 0.05) for ECT than CS and intermediate for EC. Bernard and Calhoun (1997) reported no difference in PUN between cows fed WCS or an extruded blend of whole cottonseed and soybeans. Boila et al. (1993) observed increased PUN in cows fed fat, compared with cows fed an isocaloric diet containing additional ground barley.
Laboratory Evaluation of EEC Product
Given the lack of production response to dietary RUP (based on analysis by S. griseus) in Experiment 1, further analysis of the EEC protein was desired. In vitro ammonia N release and in situ (Dacron bag) analyses were performed to more accurately describe the ruminal degradability of EEC protein.
In situ analysis. Analysis of RUP via the S. griseus protease method indicated that the EEC product contained 50% RUP as a percentage of total CP. Protein degradation kinetics from our in situ work are shown in Table 10 . The A fraction (rapidly degraded protein) of EEC was markedly greater (P < 0.05) than that of both expeller SBM and solvent extracted SBM (71.0, 17.3 and 12.0%, respectively). The EEC cottonseed also had the smallest (P < 0.05) slowly degraded protein fraction (B fraction). There was no detectable difference in the completely undegradable protein fraction (C fraction) across protein sources; however, there was a tendency for the EEC to have a larger C fraction than the other two feedstuffs. The rate at which the B fraction degraded was lowest (P < 0.05) for EEC, resulting in this protein source having the highest (P < 0.05) portion of B fraction escaping the rumen (data not shown). However, due to the smaller size of the B fraction for EEC relative to SBM and expeller SBM, the total ruminal escape protein of EEC was substantially lower (P < 0.05). Assuming a ruminal passage rate of 5% h −1
, the estimated RUP for SBM, expeller SBM, and EEC were 35, 48, and 21%, respectively.
In vitro analysis. Data from the in vitro ammonia release assay supports our in situ data. Figure 1 shows ammonia N concentrations across eight time points of incubation. With the exception of the first hour of incubation, ammonia N concentrations were higher for EEC than the other two protein sources for the first 4 h of incubation. This lends support to the unexpectedly large A fraction of the EEC estimated in situ. These data suggest that a large fraction of the EEC protein is rapidly degraded in the rumen. By 6 h of incubation, ammonia N concentrations in tubes with SBM exceeded those with EEC, and this ranking was maintained through 12 h. Across all incubation times, ammonia N concentrations were numerically greater for EEC than expeller SBM, both of which had been assayed by the S. griseus protease method to contain approximately 50% RUP (data not shown). Pena et al. (1986) evaluated an extruded cottonseed product manufactured by the same brand of commercial dry extruder as ours; however, further processing by an expeller was not reported. Their product (25.3% CP and 20.6% EE) spent approximately 30 s in the extruder and approached 150°C. The protein of their extruded cottonseed product was 65% soluble in artificial saliva and in situ analysis of the product indicated the protein was 43.3% ruminally undegradable (Pena et al., 1986) . However, the observed ruminal undegradability of protein in their extruded cottonseed product seems in contrast to its relatively high solubility. When Pena et al. (1986) fed their extruded cottonseed product to lactating Holsteins, they reported apparent protein digestion in the rumen and abomasum, small intestine, and postileum to be similar to that of cows fed WCS. Likewise, the flow of dietary and endogenous AA to the duodenum was not different. This lack of difference in ruminal digestion and AA flow to the duodenum between WCS and the extruded cottonseed product (Pena et al., 1986) would suggest that the two have similar ruminal degradabilities. Zinn et al. (1981) reported that protein in solvent extracted CSM was 73% soluble and 76% rumen degradable (in vivo), whereas Goetsch and Owens (1985) reported protein in screw-press processed Journal of Dairy Science Vol. 84, No. 11, 2001 CSM to be 15% soluble and 57% rumen degradable (in vivo). In situ analysis of our EEC product showed that 69.6% of total protein disappeared in the 0-h wash (data not shown), resulting in the large A fraction, which is considered to be completely degraded in the rumen (NRC, 2001 ). The in situ data for our ECC product is comparable to the solubility and estimated ruminal degradation (in vivo) of protein in solvent extracted CSM reported by Zinn et al. (1981) .
CONCLUSIONS
The feeding value of EEC was similar to whole cottonseed when dietary energy density was increased with tallow or when ground corn and soybean hulls replaced a portion of the forage to equalize energy content between diets. Milk protein percent was higher for cows fed EC and was likely due to the increased amount of ruminally fermentable carbohydrate and(or) the lower level of dietary fat.
Feeding additional SBM to increase dietary CP content from 15.3 to 17.0% did not yield a production response. Likewise, supplemental RUP at lower levels of dietary CP did not affect production. Thus, for our cows, it appears as though 15.3% CP (36.7% RUP) met their protein requirements. Cows fed FB16 were most efficient at producing milk as their production was similar to other treatments, despite their lower DMI. Our laboratory analyses of the EEC product indicate that heat associated with the extrusion process was not sufficient to decrease ruminal degradation of the cottonseed protein.
